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Ellen R. Herbert, Jesse C. Rosenbluth and M. Siobhan Fennessy
Kenyon College, Gambier, Ohio
Introduction
Wetland Creation: Mitigation
• Wetlands perform multiple important ecosystem services, such as 
water quality improvement, flood control, and habitat structure 
(Mistch & Gosslink, 2000) 
• Clean water act §401 requires the destruction of natural 
wetlands to be met with the construction of new wetlands or the 
restoration of degraded sites--wetland mitigation (NRC, 2001)
• Created and reclaimed sites do not achieve structural or 
functional attributes equivalent to those of natural wetlands (Fennessy 
et al. 2004
• Created wetlands do not show a trajectory that approaches 
functional equivalency with natural sites (Morgan & Short 2002, and 
Simenstand & Thom 1996).
Decomposition
• The pattern and extent to which litter decays and the nutrient 
content of that decaying matter can give valuable insight in to the 
processes and controls of decomposition and microbial function in 
soils (Wardel et al. 2004).
• Decomposition as well as C, N and P cycling rates in mitigation 
sites vary markedly from rates in  natural sites (Fennessy et al. 2004)
• Natural wetlands often serve as a sink for C and N and are 
thought to be P limited (Schlesinger, 1997).
• Litter decay is a major component in the recycling of C, N, and P 
in an ecosystem (Melillo et al. 1982).
Question/Hypotheses
What limits the development of natural function in created 
wetlands?
H1: Created wetlands have slower rates of decomposition than 
natural wetlands.
H2: Decomposition in created wetlands is limited by phosphorus.
Methods
In-Situ Decomposition
• We collected fresh litter from each plot at each site and  dried, weighed, and placed the 
litter in 1mm mesh bags (n=13 bags for each plot) along with three wooden popsicle sticks 
in each bag to serve as a control substrate (Aber & Melillo 1982 & Fennessy et al. 2004). 
• Following deployment We collected replicate bags from each plot at days 4, 10, 21, and 
35.
• After collection, litter and popsicle sticks were rinsed, dried, and weighed to determine 
mass loss. 
• We calculated k values for all sites using the equation: 
mt = m0e
-kt
Laboratory Assay: Microbial Activity and Limiting Nutrients
• Relative microbial community activity can be measured using cellulose filter paper 
(Vitousek et al. 1994). 
• We incubated cellulose filters with soils from each site amended with N, P, N&P, or no 
nutrients (control) . 
• After 10 days, filters were washed, dried, and weighed for mass lost to decomposition. 
Figure 1. Some of our sites. From top left, moving clockwise:  young created (Bluebird), 
intermediate created (Big Island), old created (Killdeer Plains), and natural (Calamus).
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Results and Discussion
Decomposition
•There was no difference in litter decomposition rate between natural and created wetlands in the first
35 days of decomposition (t-test, p >0.05).
•Fennessy et al. (2004) that created wetlands had slower rates of decomposition, but did not observe a
significant difference until more than 100 days of decomposition. Our litter bag study is incomplete at
35 days and will continue into the spring of 2005.
•By the 35th day, the intermediate created sites showed a significantly lower litter decay constant
(k) indicative of slower decomposition in these sites (p <0.05).
•Fennessy et al. (2004) found no difference in k between natural and created sites after 300 days of
decomposition, however they did not stratify created sites by age class.
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Figure 5. Percent mass remaining of plot litter over the study period (35 d) in natural 
and created sites. Each data point is the mean of all plots from natural (n=15) or created 
sites (n=31). Error bars are standard deviation. T-test P > 0.1.
Fig. 2. Map of Ohio showing 
wetland study site locations.
Age Site Name  Age (Yr.) County  Plots (n) 
     
Young Pickerington Ponds (PPA) 0 Fairfield 3 
 Pickerington Ponds (PPB) 3 Fairfield 4 
 Bluebird (BB)  5 Delaware 5 
 Big Island (BIC) 6 Marion 3 
 Sacks (SA) 7 Knox 4 
     
Intermediate JMB (JMB) 9 Franklin 4 
 Big Island (BIA) 10 Marion 5 
 Nature Company (NAC) 12 Franklin 3 
     
Old Kill deer Plains (KP) 39 Wyandot 4 
     
Natural Calamus (CA) - Pickaway 5 
 Ballfi eld (BF) - Knox 4 
 Lawrence Woods (LW) - Hardin 3 
 Mishne (MI) - Franklin 3 
 
Implications & Future Work
Although we have yet to see the patterns of decomposition in natural and 
created wetlands diverge over the course of this experiment, in light of the 
nutrient limitation assay results, it appears that there are significant 
differences in nutrient cycling pathways in natural and created wetlands. 
Much of our future work will address how vegetation and microbial 
communities are involved in these pathways.
Abstract
We investigated several aspects of decomposition in natural (n=4) and 
created wetlands of different age classes (n=9), including decomposition rate 
of on-site litter and nutrient limitation of decomposition of an artificial 
substrate. The goal of this project was to determine what limits the 
development of natural function in created wetlands of different age classes. 
We found no evidence after 35 days of differences in decomposition rate. All 
sites averaged approximately 56% mass remaining (p > 0.5) and, with the 
exception of intermediate aged created sites, had similar litter decay constants 
(p > .08).  Young (0-7 yrs) and Intermediate (9-12 yrs) created wetlands did 
show significant phosphorus limitation (p < 0.05).
Table 1. Site age class, name, age, county, and number of plots.
Figure 3. Ellen and Jesse placing 
bags at Ballfield marsh.
Figure 4. Field decomposition 
study set up with mesh litter bags.
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Nutrient Limitation
• “Old” created sites and natural sites did not exhibit nutrient 
limitations (Student’s t-test, p > 0.20 and p > 0.10), “young” and 
“intermediate” sites exhibited clear N limitation ( Student’s t-test, 
p < 0.001 and p < 0.005).  
• In the “young” and “intermediate” sites nitrogen and nitrogen 
plus phosphorus additions greatly increased decomposition while 
phosphorus addition did not affect decomposition when 
compared with control groups (Student’s t-test, p > 0.05). 
• This result was especially interesting as it is generally 
accepted that freshwater systems are phosphorus limited due to 
low solubility of phosphorus and phosphorus sequestration by 
iron in freshwater systems.
• This nitrogen limitation in created systems may be a major 
factor in the functional differences in natural and created systems.
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Figure 6. Mean weight change in cellulose filter paper decomposed in control soils (C) and 
in response to nitrogen (N), nitrogen and phosphorus(N&P), and phosphorus (P) 
ammendmended soils. Within each age group treatments with the same letter are not 
significanly different (Student's t-test, p > 0.05). Error bars represent SE (ANOVA).
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Time (days) 4 35 
Natural 0.019594 ± 0.00143 0.045825 ± 0.00505 
Created 
Young  0.021744 ± 0.00146 0.038341 ± 0.00505 
Intermediate 0.014933 ± 0.00161* 0.033494 ± 0.00535 
Old 0.023604 ± 0.00309 0.056037 ± 0.01070 
 
Table 2. Litter decay constants, k, for natural and created sites at 
day 4 and day 35. Within each date, k values with * are significantly 
different (ANOVA, p < 0.05). ± SE.
